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ABSTRACT 
 
In this paper we report work in progress on éTui, a prototype of a computational educational toy meant to facilitate 
young children’s reflection upon learning. The interface of this type of devices is quite nonstandard and two of its 
closely interrelated elements are appearance and behaviors. We describe their design and our results in the context of 
achieving the educational goal. The importance of appearance has been emphasized by Microsoft’s researchers on 
ActiMates Barney (Strommen, 1998) and (Strommen & Alexander, 1999); and commercial successes such as Furby 
also demonstrate it. We discuss our approach to emotional engagement through characterization while seeking to 
minimize gender bias, and avoiding appearances, which are deceptive with respect to behavior. Our final design is a 
moving toy which has an insect-like appearance. We also describe how we have implemented our methodological 
approach which is co-design with the children. The movements of the toy are of the type of autonomous robots and 
we are exploring whether these autonomous behaviors provide a richer (or different) motivation for reflection upon 
learning, differing from more traditional approaches which follow Papert’s work on Logo  (Papert, 1980), and more 
recent and evolved robotics approaches such as, Lego Mindstorms (Martin, Mikhak, Resnick, Silverman, & Berg, 
2000), Crickets … 
 
 
1. INTRODUCTION 
 
Computational toys have been recently attracting a lot of interest both in terms of commercial potential and research.  
Tamagotchi, Furby and Aibo are well known commercial products; while Lego Mindstorms, which derives from a 
research project, and curlybot  (Frei, Su, Mikhak, & Ishii, 2000) are educationally oriented examples. éTui  is a 
prototype computational educational toy, based on a commercial robot kit, which has currently several autonomous 
behaviors and several slightly different appearances, and has been used by children of very young age (6-10 years 
old) in several schools. 
Mediated by the toy, we try to engage the children in metacognition (the skills of being able to reflect on one's 
thinking and learning), on issues such as perception, orientation, autonomy and learning . Most work on 
metacognition has been done with children in secondary school, and, occasionally, with older children in primary 
education. Our work is with rather younger children who are not so skilled at producing sophisticated written work, 
and éTui should provide the necessary scaffolding to facilitate metacognition amongst them. The éTui project, while 
sharing Papert’s objective of enhancing children’s powers as "psychologists and epistemologists" (Papert, 1980) p. 
23 sets out to do this by means which are quite different from imperative Logo programs. The autonomous éTui can 
be endowed with simple goals and sensing capabilities. As it moves around, towards achieving a goal, the behavior 
usually has to be modified in response to input from the sensors, which detect obstructions in the environment 
preventing immediate fulfillment of the goal.  This toy’s reactive relationship with its environment should provide an 
opportunity for children to reflect on perception and learning.  
The importance of building interfaces that engage children's emotions has been stressed when describing the 
development of ActiMates, which are animated plush dolls ((Strommen, 1998) and (Strommen & Alexander, 1999)). 
The commercial successes of Tamagotchi and Furby also includes the emotional attachment of children with respect 
to them.  But we are not talking only about popularity of toys among children.  As Strommen has pointed out, 
appearance is part of the interface for such devices, and our findings seem to indicate that characterization is one of 
the main factors in pursuing this goal.  We have sought to use, as far as possible, a gender-unbiased approach, and 
so some initial designs which were based on cars, machines or robots were set aside, our experiences having 
indicated that while they engaged boys, a significant number of girls tended to be unmotivated by them, or even 
dislike them. The éTui prototype has a pet-like appearance, but is, nevertheless, unrealistic and evocative of an insect 
or extraterrestrial character and avoids anthropomorphic characterization, as our experiences seem to indicate that too 
much realism could induce unrealistic expectations of  "intelligent behavior". This would make it difficult for children 
to engage with the actual capabilities of the toy, or to achieve the shared view of the toy which is essential if its use 
is to facilitate a meaningful and productive discussion between the children and between the children and a teacher 
or researcher. 
This paper describes our work on appearance which led to this design, our methodology, and discusses the 
experimental evidence collected during the design process.  
 
 
2. THE ENGAGING APPEARANCE OF ÉTUI AS INTERFACE OF THE COMPUTATIONAL TOY 
 
Strommen and Alexander argue (Strommen & Alexander, 1999) that pretend playmate interfaces have a valuable role 
in promoting children's learning and mental growth. The distinction between logical and imaginative games, with 
predominance of the second in the children of our age group, supports our quest for a toy which engages children in 
this way. The key role which affect plays in the development of intelligence in the more classical sense in this early 
age is also widely acknowledged. 
One of our goals was that the appearance should be a multiculturally robust design, and in order to achieve this we 
envisaged early prototyping and co-design with children (using amongst other tools VRML (ISO/IEC Joint Technical 
Committee JTC1 & The VRML Consortium Inc, 1997)). We have worked together with three partner schools (in UK, 
Spain, Norway), with teachers, children and parents (also at home), where a "facilitator" plays an important role in 
promoting this kind of "experimental" work. Our population is meant to be as "significant" as possible in addressing 
multicultural and gender-free issues. Robert Graves school in Majorca is a multicultural school with a small group of 
children, predominantly girls; Hollytrees is a typical community school in the UK, balanced between genders and 
some children with English as a second language; Birallee is a Norwegian, international school with a dominance of 
boys. The school work is carefully prepared with teachers in a way that results into activities (some of them Units of 
Practice in Apple terminology [web3]), which are in themselves educationally meaningful. 
Our experimental evidence gathered in the co-design phase on an emotionally engaging appearance seems to indicate 
that a main trait for achieving that is characterization, i.e., pet-like or a starwar-like robots are engaging characters. We 
have discarded the latter alternative because it appeared that it was gender biased towards boys, with a significant 
number of girls being put off by this type of design. Our research with children indicated that they are used to 
looking after pets, and take pet ownership seriously [web1]. The most popular pets (either real or imaginary) involve 
children in interacting with and training them, and so children's relationships with their pets provide a good model for 
their relationship with the éTui. A second aspect of positive engagement seemed to be achieved by a high degree of 
recognisability. In our media oriented society, this meant that designs reminiscent of media popular characters, and 
most specifically TV cartoons, achieved a higher degree of engagement.  An example of this reminiscence is the 
gremlin-like appearance of Furby, and ActiMates are inspired in familiar media characters. While Tamagotchi 
succeeds in being emotionally engaging with a dull appearance, it also involves children in activities which are 
symbolic of those which are carried out in caring for a real pet.  éTui has an animal like appearance, with overtones of 
an insect or crustacean, and this, together with the communicative impression generated by lights and sounds, 
invites children to establish an affective relationship with it, as they might with a pet. 
Gender bias is clearly an issue which needs to be addressed in designing technological toys, as they are generally 
more appealing to boys than girls, with a preponderance of remote controlled cars, mechanical robots and hi tech 
des igns, all of which have taken on (or have been designed with) male associations. Our own observations in the 
schools have confirmed these general trends in the groups of children we have been working with, as described in 
the report on favored toys to be found at [web1].  The great majority of robotic toys (except for Furby), and 
especially construction kits, correspond much more to the male approach to technology described above. As éTui is 
an autonomous robot, which focuses on movement in space, it had the potential to reinforce this bias.  A pragmatic 
design goal was adopted to design a toy which appealed to girls, but without resorting to a stereotypically "girly" 
aesthetic.  We have sought to make a toy which would appeal to girls without alienating boys, who we expected to 
be attracted by a technological exploratory toy anyway. 
Our experience with the children also indicates that appearance should be strictly related to the behavior of the toy if 
educational goals are to be achieved. Strommen and Alexander do not elaborate upon this but state "ears are to hear 
what ... are thinking ...the watch is for telling the time ... feet are for games". Children's experience with Furby's big and 
reactive eyes turns quickly into deception, because it cannot see, and a similar process occurs with Furby's language 
and intercommunicability capabilities.  éTui has light sensors which are used in conjunction with LED light sources 
to create a mechanism for avoiding obstacles.  We have chosen to represent them as insect-like antennae, and the 
overall insect or crustacean like appearance also helps to convey the limited "intelligence" and perception of the toy. 
 
Figure 1. Two final  éTuis following a closed line 
There are important issues of appearance that we have only started to investigate, such as an extended use of sound 
and more dynamic appearance. 
 
3. THE APPEARANCE OF ÉTUI RESULTS FROM CO-DESIGN WITH CHILDREN DEVELOPED THROUGH 
EDUCATIONAL ACTIVITIES 
 
Designing new types of computational devices, which are themselves interfaces, is a complex issue. Some aspects are 
more or less standard (rapid prototyping, user tests, iterative design) but others can be quite new, for example when 
designing a haptic (related to the sense of touch) only device (Fogg, Cutler, Arnold, & Eisbach, 1998). Tangible Bits 
are also computational devices with a radically new interface (Ishii & Ullmer, 1997) bases on ubiquitous computing, 
and context awareness is a desirable trait for future éTuis. Our educational goal led us to a co-design methodology as 
described below. 
The preliminary activities introduced the children to new technology (Web, and VRML browser) in useful 
educational ways, while trying to discard the fascination effect as much as possible. In a “brainstorming” spirit, 
children looked at their preferred and imaginary toys as first activities [web1], being asked to provide additional 
comments "Tell us a story about the toy". Most of them were very gender biased as analysed in [web1]. Inspired by 
those results we developed 2D prototype designs which were trialed by children through “coloring books” and 
“identikit” activities. The coloring book activity aimed at clarifying the preferences of the children for color, texture, 
character, animate or mechanical nature, and cuddliness or scariness. We used different images, some of them 
directly taken from the children’s initial drawings. The overall results indicated the need to focus on cuddly, animated 
designs. In the same experience we gathered results about number and preferred colors, and more detailed 
description and analysis is available at [web1]. 
The feedback from these trials went into the production of four VRML designs inspired by a chick, a mouse, a "mars 
explorer", and a child's car which were tested with the children, whose responses provided feedback to the designers 
regarding the children’s enjoyment and preferences of the designs, their perception of them and the capabilities they 
ascribed to them.  In general the children enjoyed, were curious, delighted and laughed at the prototypes, which were 
given many different names.  The chick and mouse, stimulated the highest degree of interest, but the mouse was more 
appealing. Both characters were generally perceived as aggressive, and angry looking, and this may be because the 
VRML browser was not able to represent the "soft textures" planned for the physical prototype, and the spiky 
eyelashes of both chick and mouse were mentioned by the children.  The folded arms of the mouse were also 
mentioned as indicating anger.  The cars were related to weapons of one sort or another by a number of children. The 
functionalities ascribed by the children to the prototypes seemed very influenced by what they knew that mice and 
chicks could do.  This was truer of the mouse than the chick, perhaps because the chick did not have legs and wings, 
and so was further removed from a real animal. The children strongly associated the big eyes of the mouse with a 
"vision" functionality, which could not be achieved. More details and VRML models can be found at [web1]. 
The next stage was the design of the physical prototype, and an "identikit" activity was undertaken to provide 
feedback from the children as regards the shape of the éTui shell, their preferences in elements of the face, and to 
gain further insight into the capabilities which they ascribed to these elements. 
Photocopied elements were given to the children, which they could cut up and combine to create creatures.  The 
elements given to the children were “bodies”, “ears”, “eyes”, “mouths” and  “noses”. For further insight, they were 
interviewed about the creatures they had made, with some basic questions followed by additional ones to elaborate 
on their first answers.  The results were grouped under headings such as child gender, child age, toy name, toy 
gender, where it lives, home, food, can smell, can hear, can see, can recognize you, can talk, understands, is clever, 
likes to do, how plays, take to bed, type. 
The results show that the children prefer round body shapes, particularly with a high profile, with face elements 
which are not too far removed from known animal forms.  Strange creatures are quickly identified as destructive or 
scary.  The presence of sense organs indicates to the children that the creature can perceive with that sense, and this 
led the design team to endow the éTui physical prototype with antennae rather than eyes, as it can perceive 
obstacles and light, but cannot see. The details of this trial are shown in [web1]. A trial examining surfaces seemed to 
indicate a preference among the children for soft rather than rigid surfaces, but it was inconclusive about specific 
texture.  
 
4. THE CURRENT PHYSICAL ÉTUI    
 
The final design is based on a curtailed hemisphere, which can stand alone and contain the off-the-shelf moving 
robot which was adopted to speed up trials. The shell has been clad with soft bright fabrics which make it warm and 
soft to the touch, and give it an insect-like sheen.  Two non-functional 3D prototypes and six working versions of the 
prototype have been built, each with its own individual appearance variations. Four light sensors have been mounted 
as long antennae, paired with LED emitters. Four LEDs on the top of the toy indicate the state of the toy's operation 
in an action.  A 'Do it ' button on the top of the toy is used to wake the toy up, or to send it to "sleep". It can also be 
used to select actions, confirm inputs, play tunes and so on.  A more detailed description of the hardware with 
pictures and videos of the different models is available in [web2]. 
 
5. RELATED WORK 
 
In the commercial area, Tamagotchi achieved a huge success based on a simple interactive narrative of growing a 
baby, and the children got usually heavily emotionally involved. Its small size gave it a huge portability, and the toy 
became the child’s companion. Furby has also been very successful, with the appearance of a gremlin-like pet, a 
“Furbish” language developing through interaction with children, and with awareness of other Furbies around 
showing in some behaviors. Sony’s Aibo is an expensive dog-like robot, with quite autonomous behaviors, capable 
of “learning”, more “intelligent” and realistic looking.  The challenges perceived by its designers are the problems of 
learning, maturing, and autonomy of the robot (Fujita, Kitano, & Doi, 2000). These toys do not have educational 
goals, and our experience with Furby shows that behavior is deceptive with respect to promises. Our educational 
priority has led us to the co-design activities described earlier to achieve the goal. 
The educational computational toys initiated by Papert’s Logo and followed by more physical robotics 
instantiations, such as Floor Turtle, Pixie, Roamer, the Programmable Brick (evolved into the commercial Lego 
Mindstorms) and, very recently, curlybot, have a different approach to learning from that of éTui. In a forthcoming 
paper, we discuss the educational issues related to that and the results of the trials we are currently undertaking. 
The work described in this paper is closer to ActiMates (Strommen & Alexander, 1999), which we recall are active 
pretend playmates, similar to plush dolls for children’s engagement, and are based on media characters. The papers 
on ActiMates do not report experimental supporting evidence which we have found through our methodology, 
which gives additional clues and should be of value for future developers. We have also found some advantages of a 
less easily recognizable and identifiable appearance. ActiMates’ speech oriented interfa ce is quite different from our 
moving toy, which we have found to be appealing to boys; gender issues are not discussed in the paper while we 
think this is a key area for educational purposes. Strommen and Alexander also analyze narratives and affection in the 
interface which we will consider for future work towards our differential educational goal. 
A recent relevant work on new device type interface design is described in (Fogg et al., 1998). Our work is of similar 
spirit, although we have promoted co-design with children more strongly, and have dealt with schools which are 
more structured environments (although we have also worked at home, with unstructured groups). As they have 
done, we have used different prototypes to communicate with children (2D drawings, VRML,...), which in our case is 
needed because of the writing skills of our age group and not because of the haptic nature of the interaction. 
Digital Manipulatives (Resnick et al., 1998) are augmented blocks, beads, balls, badges, ... modifications of objects 
currently familiar in kindergartens; recent developments of the Programmable Brick are Crickets. While the 
educational paradigm is related to Papert’s the possibilities of intercommunication amongst devices open new 
avenues which they describe as “there are multiple approaches for describing behaviors” which are bound to become 
very relevant in the near future.  
 
6. CONCLUSIONS 
 
Computational educational toys are bound to represent a fascinating and expanding line of research in the near 
future, because of the relative novelty of the topic, and its relevance. We have reported work on a new computational 
toy, éTui, intended for education on meta-cognition for very young children. We have discussed our findings with 
respect to appearance, as an essential part of such a type of device, we have stressed a methodology (co-design with 
children) leading to experimental evidence about the importance of characterization for engagement, and about some 
issues for gender-unbiased designs, resulting in a design combining movement appealing to boys with pet-like 
appearance engaging to girls. We have also shown the importance of the relationship of appearance and behaviors in 
order to avoid deceiving interfaces. We have also discussed and compare it to related work both in the commercial 
and research areas. 
 
ACKNOWLEDGEMENTS 
éTui has been funded by the European Commission. We thank the whole teams at Ultralab, UPF, Apple and the 
schools (especially the children) for their work and enthusiasm.  
 
REFERENCES 
Web1: éTui web site at UPF: http://www.iua.upf.es /etui 
Web2. éTui central web site: http://www.ultralab.anglia.ac.uk/projects/etui 
Web3. Apple: Unit of Practice Description: http://www.apple.com/education/k12/staffdev/workshops.html#fund 
Fogg, B., Cutler, L. D., Arnold, P., & Eisbach, C. (1998). HandJive: 
A Device for Interpersonal Haptic Entertainment. Paper presented at the CHI 98, Los Angeles CA USA. 
Frei, P., Su, V., Mikhak, B., & Ishii, H. (2000). curlybot: Designing a New Class of Computational Toys. Paper 
presented at the CHI 2000. 
Fujita, M., Kitano, H., & Doi, T. T. (2000). Robot Entertainment. In A. Druin & J. Hendler (Eds.), Robots for Kids, 
exploring new technologies for learning. San Diego, California: Academic Press. 
Ishii, H., & Ullmer, B. (1997). Tangible Bits: Towards Seamless Interfaces 
between People, Bits and Atoms.  Paper presented at the CHI 97. 
ISO/IEC Joint Technical Committee JTC1, & The VRML Consortium Inc. (1997). The Virtual Reality Modeling 
Language, International Standard ISO/IEC 14772-1. 
Martin, F., Mikhak, B., Resnick, M., Silverman, B., & Berg, R. (2000). To Mindstorms and Beyond, Evolution of a 
Construction Kit for Magical Machines. In A. Druin & J. Hendler (Eds.), Robots for Kids, exploring new 
technologies for learning. San Diego, California: Academic Press. 
Papert, S. (1980). Mindstorms - Children, Computers and Powerful Ideas. New York: Basic Books. 
Resnick, M., Martin, F., Berg, R., Rick Borovoy, Colella, V., Kramer, K., & Silverman, B. (1998). Digital Manipulatives: 
New Toys to Think With. Paper presented at the CHI 98, Los Angeles CA USA. 
Strommen, E. (1998). When the Interface is a Talking Dinosaur:  
Learning Across Media with ActiMates Barney. Paper presented at the CHI 98, Los Angeles CA USA. 
Strommen, E., & Alexander, K. (1999). Emotional Interfaces for Interactive Aardvarks: 
Designing Affect into Social Interfaces for Children. Paper presented at the CHI99, Pittsburgh PA USA. 
